(U.S. Dept. of Agriculture, Univ. of Wisconsin-Madison). The F 1 progeny (WI-2757 x TMG-1) were either self-or sib-pollinated to produce the F 2 generation or crossed to parents to produce reciprocal backcross families (WI-2757 x F 1 and F 1 x TMG-1). In each cross, the source of resistance came from the male parent. The cultivar Straight 8 (Stokes Seeds, Buffalo, N.Y.) was used as an additional susceptible control genotype.
Experiment designs and data analyses. Plants were mechanically inoculated with virus-infected sap (≈1:4 dilution leaf material : buffer) at the cotyledon stage. Rows of susceptible 'Straight 8' plants were evenly spaced throughout each experiment to detect any possible variation in inoculation technique and symptom expression. For the F 2 populations, 10 rows of F 2 individuals with 10 plants per row were interspersed with five internal control rows consisting of inoculated and mockinoculated TMG-1, WI-2757, and F 1 plants. Backcross populations consisting of 20 to 120 individuals were arranged similarly (10 plants per row along with evenly spaced control rows). The number of times each experiment was performed is included in the table footnotes; experiments termed as independent were performed at different times in the greenhouse. Chi square analyses were performed on data from each experiment individually and on the pooled data from repeated experiments. In each case, there was agreement among all individual experiments and a nonsignificant homogeneity chi square value (see table footnotes). Genetic models proposed are the simplest ones that explained the collective data sets.
Scoring of symptoms. Plants were scored when the symptoms were most clearly expressed. Symptoms of ZYMV and WMV infection generally developed within 7 to 10 days after inoculation; symptoms of PRSV-W infection took 3 to 6 weeks to appear. Susceptibility of an individual plant to virus infection was scored visually, by ELISA, or by both methods. Symptoms caused by cucurbit potyviruses include the presence of mosaic, severe leaf distortion, or rugosity. Symptoms were rated using a scale from 0 to 4, where 0 = no symptom expression; 1 = light mosaic on at least one leaf; 2 = moderate mosaic on one or more leaves; 3 = prominent mosaic on one or more leaves; 4 = severe mosaic on several leaves, symptoms have spread to terminal leaves, often accompanied by severe stunting. Many experiments were scored by two people; there was agreement to within one point for the ratings given to each plant. When assigning a simple classification of resistant or susceptible, any score of 1 or greater (any symptom expression) was classified as susceptible.
ELISA analyses. Leaves were sampled for virus titer at the time of full symptom expression in the susceptible WI-2757 genotype. For ZYMV and WMV, samples were taken ≈3 weeks after inoculation; for PRSV-W, samples were taken ≈6 weeks after inoculation. One or two young leaves were harvested from each plant, weighed, and stored at -80C. Ten plants were sampled for each genotype with each
The watermelon strain of papaya ringspot virus (PRSV-W), formerly known as watermelon mosaic virus-1 (WMV-1), is one of several potyviruses that can cause severe yield losses in cucurbit crops (Davis and Mizuki, 1985; Nameth et al., 1985 Nameth et al., , 1986 Purcifull and Gonsalves, 1984; Sammons et al., 1989) . Other economically important cucurbit potyviruses include zucchini yellow mosaic virus (ZYMV) and watermelon mosaic virus (WMV). In an effort to identify sources of resistance to ZYMV in cucumber, Provvidenti (1985) identified a single plant selection from the Chinese line Taichung Mou Gua (TMG-1) that was resistant to three potyviruses: ZYMV, WMV, and PRSV-W. The resistance to ZYMV was conferred by a single recessive gene (Provvidenti, 1987) . The inheritance of resistance to PRSV-W, however, was not characterized. There are a few reports of PRSV-W resistance in cucumber germplasm, but in only one case, for the cultivar Surinam Local, has the genetics of resistance been determined (Wang et al., Received for publication 2 May 1994. Accepted for publication 29 Dec. 1994. We thank Jack Staub for helpful advice and for generously providing the TMG-1 and WI-2757 seed and the initial supplies of F 1 , F 2 , and BC progeny. We also thank James Kelly and James Hancock for helpful reviews of the manuscript. This work was in part supported by the Office of U.S. Agency for International Development/Cairo/ Agr/A under Cooperative Agreement 263-0152-A-00-3036-00; by a Patricia Harris Graduate Fellowship to T.W.; and by the Michigan Agricultural Experiment Station. The cost of publishing this paper was defrayed in part by the payment of page charges. Under postal regulations, this paper therefore must be hereby marked advertisement solely to indicate this fact. virus. At least four or more healthy controls were included on each ELISA plate. Healthy and mock-inoculated controls of all the genotypes (TMG-1, WI-2757, their F 1 progeny, 'Straight 8', and 'Blackjack' zucchini squash) gave similar readings.
ELISAs were performed using standard sandwich methods (Clark and Adams, 1977) ; buffers were prepared according to Clark et al. (1986) . One leaf per plant was ground in 2 ml of grinding buffer; two 200-µl subsamples were assayed for each extract. To adjust for differences in leaf size (and therefore dilution of the leaf sap), absorbance values were divided by the fresh weight of the leaf. ZYMV and WMV were detected with anti-ZYMV (CT strain) polyclonal rabbit IgG antibody (Hammar and Grumet, unpublished) conjugated with alkaline phosphatase (Sigma, St. Louis) as per Clark and Adams (1977) . Samples were reacted with p-nitrophenyl phosphatase (Sigma) and absorbance (405 nm) monitored using an EIA Reader model EL-307 (Bio-Tek Instruments, Laboratory Division, Winooski, Vt.). Anti-PRSV-W antibody was purchased from Agdia (Elkhardt, Ind.) and detected by absorbance at 490 nm using horseradish peroxidase-labeled conjugate and the substrate ophenylenediamine dihydrochloride (OPD; supplied by the Agdia kit).
Results
When inoculated with PRSV-W, plants of the WI-2757 parent showed mosaic symptoms, while those of the resistant TMG-1 parent and the F 1 progeny grew vigorously and remained symptom-free (Table 1) . The F 2 progeny segregated in a 3:1 [resistant (R) : susceptible (S)] ratio, the WI-2757 x F 1 backcross progeny segregated in a 1:1 (R : S) ratio, and the F 1 x TMG-1 backcross progeny were all resistant. These data support a model in which a single dominant gene in the TMG-1 parent confers resistance to PRSV-W [proposed gene designation, Prsv-2 (to distinguish it from the recessive prsv in 'Surinam Local')]. Full expression of resistance in the F 1 progeny depended on optimal growing conditions for the plants, i.e., sunny, warm days (≈27 to 30C). When grown in cool weather (≈20 to 25C) or low light levels (i.e., in the growth chamber or during predominantly cloudy days in the greenhouse), the F 1 progeny sometimes showed very mild symptoms (ratings of 1 vs. 3 to 4 for WI-2757); the TMG-1 parent remained asymptomatic.
The relationship between symptom level and virus level also was examined and compared to the response observed for infection by ZYMV and WMV (Table 2) . TMG-1 showed no symptoms (rating of 0) for each of the three viruses, while WI-2757 exhibited full symptoms (rating of 4) in each case. The F 1 progeny showed symptoms in response to ZYMV and WMV but not to PRSV-W. These results are consistent with the data presented thus far, and other experiments, which indicate that the resistances to ZYMV and WMV are recessive (Provvidenti, 1985 and Wai and Grumet, 1994, respectively) , while resistance to PRSV-W is (Table 1) . However, when virus titers were examined, a different pattern was observed. As might be expected, high virus titers were detected in the susceptible WI-2757 for all three viruses and for ZYMV and WMV in the symptomatic F 1 progeny. Little or no ZYMV and WMV were detected in young leaves in the resistant TMG-1 plants. Conversely, high levels of PRSV-W were found in young leaves in both the TMG-1 and F 1 genotypes, despite an absence of symptoms.
Discussion
We have examined the inheritance of resistance to PRSV-W in the TMG-1 cucumber line. Segregation data suggest that resistance to PRSV-W was due to a single dominant gene (Prsv-2). In each case, the severity of symptoms for the parental and F 1 progeny fell within very narrow ranges (i.e., strong symptoms in the susceptible genotypes and none in the resistant genotypes; Table 2 ). The segregating F 2 populations, however, exhibited a broader range of symptom expression. In each population, there was a clear class of individuals without symptoms. For those with symptoms, however, different degrees of susceptibility were observed (ratings ranged from 1 to 4), suggesting the action of modifying factors in the absence of the major resistance gene. Similar results were reported by Cohen et al. (1971) with regard to symptom expression among segregating populations derived from the WMV-resistant cucumber cultivar Kyoto 3 Feet Long, and by other investigators for a variety of viruses and species (Kyle, 1993) .
The gene for resistance to PRSV-W in TMG-1 is not likely to be the same as one of the genes conferring resistance to ZYMV or WMV. Both the mode of inheritance [dominant for PRSV-W vs. recessive for ZYMV and WMV (Provvidenti, 1985 (Provvidenti, , 1987 Wai and Grumet, 1995) ] and the mechanism of resistance appear to be different. Little or no virus was detected in the upper leaves of TMG-1 inoculated with ZYMV or WMV. However, when inoculated with PRSV-W, virus levels similar to those found in the susceptible WI-2757 parent were observed in the upper leaves of the asymptomatic TMG-1 parent and F 1 progeny. It may be more appropriate to describe the resistance to PRSV in TMG-1 as tolerance. Interestingly, 'Kyoto 3 Feet Long' plants, which possess a dominant gene for WMV resistance, also accumulate virus despite a lack of symptoms (Cohen et al., 1971) .
The resistance to PRSV-W in TMG-1 can be contrasted with that found in the cucumber cultivar Surinam Local. The resistance to PRSV-W in TMG-1 was dominant, whereas the resistance in 'Surinam Local' was recessive (Wang et al., 1984) . The resistance in 'Surinam Local' appears to act at the level of movement, since virus was detected by symptom and ELISA on the first few leaves but not in upper leaves. In contrast, TMG-1 shows no symptoms of PRSV-W, but has high virus titers in the upper leaves. It appears that both the genetics and mechanism of resistance differ between TMG-1 and 'Surinam Local'. Whether the allele for resistance to PRSV-W y Young, fully expanded leaves were ground in 2 ml of virus buffer. Adjusted ELISA values were calculated by dividing the absorbance value by the fresh weight of each leaf. x Each value is the mean of 10 replicate plants ± SE (standard error). w Mock-inoculated controls are an average of TMG-1, WI-2757, F 1 , and 'Straight 8' genotypes. There were no differences among genotypes for control ELISA values.
